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Abstract 
 
The alternative uses of waste-phophogypsum in the 
building industry are being considered nowadays in 
several countries, as its long-term storage and 
maintenance presents economic as well as potential 
environmental concerns. Advantages and 
disavantages of using both, natural gypsum and 
phosphogypsum, are discussed in this work over a 
radiological point of view. The natural radioactivity 
level in the waste-phosphogypsum could be a 
restriction for its use as building material, but this 
drawback could be avoided controlling its percentage 
in the cement preparation and the natural 
radioactivity level of the other raw materials used in 
its production, in addition to the calculation of the 
Ra-equivalent index in the final by-products. The 
optimization of waste phosphogysum percentage in 
the cement production on a pilot scale and its 
physical and chemical characterization are being 
studied by CIEMAT-CENIM. 
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INTRODUCTION 
 
Gypsum has been used in several forms since the 
beginning of civilisation. At the present time, natural 
gypsum is utilised as building material (gypsum 
board, plaster ingredient, component of Portland 
cement, binder in Fast-Dry tennis court clay), in 
medicine (surgical splints), as fertilizer and soil 
conditioner, in hygienic products (foot creams, 
shampoos and hair products). The shortage of this 
product, its price or the non-existence of gypsum 
ores in several countries, have obliged to look for 
alternatives for the construction industry. One of 
these alternatives is to replace gypsum by  
 
 
 
phosphogypsum which would have the additional 
advantage of resolving partially the environmental 
problems created by fertilizer industries. 
Phosphogypsum can replace some of the natural 
components of building materials. However, it 
contains a higher radioactivity concentration than the 
natural products (Table 1) and its use in houses may 
lead to increase radiation doses to the inhabitants 
[1]. Simple models can be applied to the 
concentration results to calculate the external and 
internal irradiation for people living in a common 
house constructed with this material. For practical 
monitoring purposes, investigation levels can be 
presented in the form of an activity concentration 
index (Ra equivalent) to ensure that the gamma dose 
rate inside a room due to the building materials does 
not exceed 1 mSv·y-1. 
 In spite of these radioactivity levels, the 
phosphogypsum would not represent a high risk in 
the building industry. However, as only 4% of the 
phosphogypsum world production is used in 
agriculture, in gypsum board and cement industries, 
some 120 million Mg of them are accumulated 
annually, most of which are piled in stacks close to 
the fertilizer factories, therefore creating a complex 
environmental problem. 
 On the one hand, large extensions of land 
are occupied by stacks containing the 
phosphogypsum, zones that could be available for 
other uses (recreation, parking, building, agriculture, 
roads). On the other hand, the emanation of Radon 
from the stacks produces its incorporation in the 
atmosphere increasing the content of its non-volatile 
daughters (210Pb, 210Bi, 210Po) in the surroundings 
areas. The contamination of aquatic ecosystem 
could be originated for both: the radionuclides 
migrations to the stack deepest layers if there are not 
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engineering barriers that prevent its filtration to 
groundwater, or the overflowing of liquids when 
decanting the waste phosphogypsum from the 
fertilizer factories. Expensive countermeasures for 
protecting the surroundings ecosystems and 
avoiding not only the visual and aesthetic impact but 
also the radiological problem are usually taken by the 
authorities.  
 
Table 1. Typical and maximum concentrations in common 
buildings materials and industrial by-products used for building 
materials in the EU [2] 
 
 
The recycling of phosphogypsum (PG) in the building 
industry could be a solution for the environmental 
problem created in the vicinity of fertilizer factories 
located in Huelva(Spain) as PG is used extensively 
in cement, wallboard, and other building materials in 
Europe, Japan, and Australia [3].  
 
EXPERIMENTAL 
 
A. Radiological characterization of some 
building materials  
 
The optimization of the radioactive levels in the 
cement when waste-phosphogypsum is utilized for 
its production requires the previous knowledge of the 
content of naturally occurring radionuclides in 
building materials. These values will be compared to 
the levels obtained in the “modified cement”. The key 
radionuclides that have to be determined to obtain 
the Ra equivalent index are: 226Ra, 232Th and 40K. 
Their analysis can be performed using different 
radiochemical techniques, although most widely 
used are those that imply rapid, cheap and less 
handling procedures, such as direct measurement by 
gamma spectrometry. Using this technique, 40K is 
directly determined by its 1460.8 keV gamma 
emission line, whereas 232Th and 226Ra are 
determined through their gamma emitter daugthers, 
228Ac and 214Bi respectively. Alpha spectrometry 
could also be used for 226Ra and 232Th analysis (both 
of them alpha emitters), but this is a time-consuming 
technique and the sample representativeness is 
lower than in gamma spectrometry, due to the 
amount of sample that can be processed (1-2 g 
(alpha spectrometry) versus 50-500 g(gamma 
spectrometry).The content of naturally occurring 
radionuclides in some building materials in Spain 
was determined at the laboratory of the Radiation 
Protection Service at CIEMAT. The obtained values 
can be considered as a radioactive background level.  
Fr
eq
ue
nc
y 
Histograms 
0 40 80 120 160
0
2
10
12
8
4
6
Bricks
-3 17 37 57 77
0
4
8
12
16
Bi-214 (Bq/kg) 
activity concentrations
Cement
Tiles
43 63 83 103 123
0
3
6
9
12
15
Fr
eq
ue
nc
y 
 
Figure 1. Natural radioactive levels in some Spanish building 
materials. 
 
Figure 1 [5,6] shows the 214Bi (226Ra) content in 
bricks, cement and tiles, as an example of the activity 
concentration levels obtained in building materials. 
The ratio 234Th /234Bi (Figure 2) could be used as an 
indicator of the equilibrium in the natural uranium 
radioactive series. The equilibrium breakdown is 
originated by the presence of a noble gas, 220Rn, 
existing among the decay products of this radioactive 
series. The non-existence of radioactive equilibrium 
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among 226Ra and its descendants would indicate that 
the Ra equivalent index can not be applied as a legal 
level and therefore, further calculation should be 
necessary. 
 
B. Radiological characterization of 
phosphogypsum, raw materials and modified 
cement. 
 
The same measurement techniques mentioned in 
paragraph A were used for phosphogypsum, raw 
materials and cement radiological characterization. 
210Po and 210Pb, a parent-daughter pair, 
descendants of 220Rn were also determined since 
210Po should be controlled in the modified cement 
industrial production.  This radionuclide is solid under 
normal temperature and pressure conditions but 
could be volatilized under certain chemical forms and 
cement preparation temperature. The 210Pb 
determination allows verify radioactive equilibrium in 
the uranium decay chain as the same time as 
polonium activity concentration is corrected.  
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Figure 2. 234Th/214Bi activity ratio in several building materials. 
A value of 1 indicates radioactive equilibrium.   
 
Polonium-210 activity concentration was determined 
by alpha spectrometry. 1 g aliquots of PG and 
cement were acid digested onto a hot plate at a 
controlled temperature (<90ºC). 8 mol·l-1 HNO3 was 
used for PG samples and a mixture of HNO3/HF/HCl 
was added in the case of cement samples. 209Po 
certified dissolution was added as a tracer to 
estimate the recovery of the whole process. The 
polonium isotopes were auto-deposited in silver 
disks following the Flynn’s method [4]. 210Pb and 40K 
were analyzed by gamma spectrometry using a 
coaxial ultra-pure p-type germanium detector 
(HPGe) and the energy peaks 46.5 KeV and 1460.8 
KeV respectively. Measurements were carried out in 
the same geometry used for the analysis of uranium.  
RESULTS AND DISCUSSION 
 
The natural radioactivity content in phosphogypsum, 
raw materials for cement production and cement are 
shown in Tables 2 and 3.  
The activity concentration of naturally occurring 
radionuclides in phosphogypsum is similar to that 
observed in samples coming from other countries 
[7,8]. A proportional decreasing of natural radioactive 
content is observed in the cement prepared from 
phosphogypsum exception done with 40K and 232Th.   
 
Table 2. Natural radionuclides from 238U series (226Ra, 210Pb 
and 210Po in radioactive equilibrium in this experiment) 232Th 
and 40K expressed in Bq.kg-1(±2S) in phosphogypsum (PG) and 
two “modified” cement (SP). 
Sample 226Ra(214Bi) 210Pb** 210Po 40K 232Th(228Ac) 
PG-1  205±8 161±66 214±90 < 14 18.6±1.4 
PG-2 170±11 165±97 174±66 13.2±5.5 6.3±1.4 
SP-17Cement 27.1±2.2 23±26(56) 21±10 730±180 16.9±2.7 
SP-15Cement 26.5±2.2 34±16(36) 25±11 613±32 13.3±2.9 
**LD: Detection Limit (in brackets) 
 
 The content of these two naturally occurring 
radionuclides in sands -used frequently in the 
cement industry- is usually higher than in soils and 
other environmental samples. The use of these 
sands increases the natural radioactivity content of 
the final product being even more relevant than the 
226Ra content originally existing in phosphogypsum. 
If the values of 226Ra activity concentration (26-27 
Bq·Kg-1) is compared to the average values obtained 
for the Spanish cement (37 Bq·Kg-1, see Figure 1) 
used as building material, we can conclude than both 
comes from the same distribution. From a 
radiological point of view, the use of this modified 
cement as building material should be allowed by 
governing law [9,10-12]. The main inconveniences of 
employing this modified cement would probably be 
associated ones to its production on an industrial 
scale. The 210Po volatilization -if high temperatures 
are reached in the cement production- or the Radon 
emanation could affect to the workers who 
manipulate phosphogypsum directly or realize their 
tasks in areas where these emissions are probable 
[13]. Other chemical elements existing in the 
waste-phosphogypsum, the difficulties that would 
present its storage close to the cement industries 
and a certain control in the different production 
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stages should be also considered as disadvantages 
for its use.  
 
Table 3. 238U, 235U, 226Ra, 232Th and 210Pb activity 
concentrations expressed in Bq.kg-1(±2S) (95%) in raw 
materials used for “modified” cement production. 
**LD: Detection Limit (in brackets) 
 
CONCLUSIONS 
 
The obtained preliminary results indicate that the 
modified cement produced (pilot scale) with waste 
phosphogypsum would fulfill the natural radioactive 
levels required by EU legislation. 
More research should be done for determining in 
which stage of production process should be 
necessary to apply radiological controls or to 
determine radon and polonium emissions. 
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